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Abstract (Basic): JP 6333825 A 

The semiconductor device production method involves formation of an 
insulating film (102) on a glass substrate (101). An amorphous silicon 
film (104) is formed on the insulating film. A metal element which 
promotes crystallisation is introduced on the silicon film. An 
insulating film (105) and a PSG film (106) are formed on the surface of 
the amorphous silicon film one by one in order. The metal element is 
made as a catalyst so that the silicon film is crystallised by 
annealing at a temperature of 600deg.C or less. 
ADVANTAGE - Reduces influence of metal element. 
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ABSTRACT 

PURPOSE: To reduce the influence of a metallic element which is a catalyst 
material remaining in a crystalline silicon film by performing gettering 
for a metallic element (e.g. nickel) in the crystalline silicon film which 
is a catalyst material introduced for promoting crystallization by a PSG 
film provided on a substrate. 

CONSTITUTION: After a foundation film 102 is formed on a substrate 101 and 
an amorphous silicon film 104 is formed, a silicon nickel film is formed 
and nickel for promoting crystallization is introduced. A silicon oxide 
film 105 and a PSG film 106 are further formed. The amorphous silicon film 
104 is annealed at a temperature below a crystallization temperature for 
crystallizing the amorphous silicon film 104. In the process, gettering is 
performed for the nickel made to function as a catalyst when the amorphous 
silicon film 104 is crystallized through existence of the PSG film 106. 
Thereby, it is possible to prevent detrimental effect of a nickel element 
on operation of the device. 
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(54) Title of Invention: MANUFACTURING METHOD OF SEMICONDUCTOR 

DEVICE 

(57) Summary 

[Purpose] To reduce an influence of a metal element in a crystalline silicon film. 
[Constitution] After an insulating film 102 is formed on a substrate 101, an 
amorphous silicon film 104 is further formed. An insulating film 105 and a PSG 
film 106 are formed on the amorphous silicon film 104 by introducing a metal 
element for promoting crystallization. Then, a silicon film 104 is crystallized at a 
temperature not more than 600*0 using this metal element as a catalyst material. 
In this process, gettering is performed on the metal element by a function of the 
PSG film 99. 

[What is claimed] 

[Claim l] A manufacturing method of a semiconductor device comprising the 
steps of 

forming a silicon film which is substantially an amorphous condition on a 
substrate?' 

forming a film comprising at least one element of nickel, iron, cobalt and 
platinum before or after said process; 

forming an insulating film on said crystallized silicon film; 
forming a PSG film on said insulating film; and 

crystallizing said silicon film by annealing at the temperature not more than 
a crystallization temperature of a normal amorphous silicon film. 
[Detailed Description of the Invention] 
[0001] 

[Field of the invention] The present invention relates to make use of a crystalline 
silicon film crystallized by a thermal annealing an amorphous silicon film for a 
semiconductor device. 
[0002] 

[Prior art] Conventionally, an active matrix type liquid crystal display device 
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wherein a lot of TFTs (thin film transistor, commonly an insulated gate type 
electric field effect semiconductor device using a thin film silicon semiconductor is 
used) are provided in a matrix shape, and which drive pixels provided also in a 
matrix shape, is known. As a TFT used for driving pixel of this active matrix 
type liquid crystal display device, the TFT using amorphous silicon is common, 
and it is effective to use silicon with crystallinity (hereinafter referred as 
crystalline silicon) in order to improve further performance. 

[0003] As methods of forming crystalline silicon, a method of crystallizing 
amorphous silicon which is formed by the vapor phase growing method or the 
sputtering by supplying a laser beam energy, and a method of crystallizing 
amorphous silicon which is formed by the vapor phase growing method or the 
sputtering by a thermal annealing are known. However, the method using a 
laser beam is not practical because of a small irradiating area of a laser beam, and 
a problem of reproduction, etc. Also, the method by the thermal annealing which 
needs the heating temperature not less than 600*0. When a glass substrate 
(commonly Corning 7059 glass is used) is used as a substrate, the temperature of 
600*0 is slightly high (the distortion point of the Corning 7059 glass is 593 < C). 
Therefore, there is a problem in case of using a large area substrate. Besides in 
this case, the thermal annealing is needed at 6000 for about 24 hours so that 
there is a problem from the viewpoint of productivity. 

[0004] On the other hand, in case that an amorphous silicon film into which a very 
small quantity of nickel element is introduced and on which thereafter the 
thermal annealing is performed, it is confirmed experimentally that silicon is 
crystallized by the thermal annealing at 550^ for about 4 hours. However, the 
method promoting crystallization by the thermal annealing using nickel as 
catalyst material has an anxiety of reducing the performance and the reliability in 
case of manufacturing a semiconductor device (for example TFT) using this 
crystalline silicon, because nickel of a metal element is remained in the crystalline 
silicon. 
[0005] 

[Problems to be solved by the Invention] Then, the present invention, in the 
method that the crystalline silicon film is formed on a glass substrate by 
annealing at the temperature of about 550O (crystallization is observed at about 
450O in an experiment.), has the purpose to offer a constitution and a method of 
reducing the influence by a metal element of a catalyst material for crystallization 
remained in a crystalline silicon film. 

[0006] The present invention is characterized by a manufacturing method of a 
semiconductor device comprising the steps of 

forming a silicon film which is substantially an amorphous condition on a 
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substrate; 

forming a film containing at least one element among nickel, iron, cobalt or 
platinum before or after said process; 

forming an insulating film on said crystallized silicon film; 
forming a PSG film on said insulating film; and 

crystallizing said silicon film by annealing at the temperature not more than 
a crystallization temperature of a normal amorphous silicon film. 
[0007] The above invention intends to perform gettering for a metal element 
(nickel, for example) in the crystalline silicon film that a catalyst material 
introduced for promoting crystallization by a PSG film provided on a substrate. 
The PSG film in the above invention is Phosphosilicate Glass, which can be 
formed by an application or the vapor phase growing method generally known. 
[0008] As a metal element of a catalyst material for promoting crystallization of a 
silicon film, at least one element of nickel, iron, cobalt and platinum can be used. 
[0009] As a method of forming a film in a substantial amorphous condition, a 
known plasma CVD method, low-pressure thermal CVD method, photo - CVD 
method, or sputtering can be enumerated. This substantial amorphous 
condition film is an amorphous silicon semiconductor film used in an amorphous 
silicon solar cell and an amorphous silicon TFT. 

[0010] A normal crystallization temperature of an amorphous silicon film means 
the temperature not less than 600^ as mentioned above. That is to say, the 
present invention is characterized by crystallization at the temperature not more 
than 600*0. It is confirmed that the process at 550*0 for about four hours is 
enough for crystallization in the present invention, and the process at about 450°C 
is also possible. Therefore, it is decided that the annealing temperature for 
crystallization in the present invention is between 450°C and 550°C (of course, 
the higher temperature is possible if there is no problem such as the 
heat-resistance etc. of a substrate). 
[0011] 

[Action] An existence of a PSG film can perform gettering for a metal element 
such as nickel etc. functioned as a catalyst in crystallizing a silicon film, and 
improve the electric characteristic and the stability of a semiconductor device 
using this crystallized silicon film. 
[0012] 

[Embodiment] (Embodiment 1) The present embodiment is an example forming 
a complementary combination circuit of a P channel type TFT (PTFT) and an N 
channel type TFT (NTFT) wherein crystalline silicon is used on a glass substrate. 
The constitution of the present embodiment can be used in a peripheral driver 
circuit of an active type liquid crystal display device and a switching element of a 
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pixel portion (driving a pixel by a complementary circuit). 

[0013] Figure 1 shows a cross sectional view of a manufacturing process of the 
present embodiment. First, a base film 102 of silicon oxide is formed to a 
thickness of 100 A to 2000 A, in this embodiment 500 A by the sputtering on a 
substrate (Corning 7059) 101. Next, a nickel silicide film (Chemical formula 
NiSi, 0.4^x^2.5, for example x=2.0) is formed to a thickness of 5 A to 200 A, for 
example, 20 A by the sputtering. By this process, nickel is introduced as a nickel 
silicide film on the base film 102, in other words, under an amorphous silicon film 
104 formed substantially. 

[0014] Also the nickel silicide film can be formed after the amorphous silicon film 
104 is formed on the base film 102. That is to say, an introduction of nickel can 
be performed under or over the amorphous silicon film 104. 

[0015] Next, the intrinsic (I type) amorphous silicon film 104 is formed to a 
thickness of 500A to 1500A, for example, 1000A by the pi asma CVD method. 
Then, a silicon oxide film 105 is formed to a thickness of 1000A by the plasma 
CVD method using TEOS and oxygen. Furthermore, a PSG film 106 is formed to 
a thickness of 1000 A by the spin coat method. Next, a baking process of this 
PSG film is performed at 200^ for thirty minutes. Coating solution for forming 
a silicon oxide film on the market is used as a material of the PSG film, and a 
concentration of P is 5 x 10 14 to 5 x 10 21 cm 3 . The thickness can be set from 200 A 
to 2000 A. 

[0016] The silicon film 104 is crystallized by annealing in a hydrogen reduction 
atmosphere of (preferably, a partial pressure of hydrogen is 0.1 to latm), at 550°C 
for four hours. On this occasion, the silicon film 104 is crystallized vertically to 
the substrate 101 in the region in which the nickel silicide film is formed. In this 
case, the whole of the silicon film 104 is. crystallized because the nickel silicide 
film is formed overall. (Figure 1 (B)) 

[0017] As a result of the above-mentioned process, the crystalline silicon film 104 
can be obtained by crystallizing the amorphous silicon film. Then, the silicon 
oxide film 105 and the PSG film 106 are removed. After that, elements are 
separated each other by patterning the crystalline silicon film 104. Next, a 
silicon oxide film 121 is formed to a thickness of 1000A by the sputtering as a 
gate insulating film. Silicon oxide is used as a target in sputtering, and the 
substrate temperature is at 200*0 to 400*0, for example, 3500; a sputtering 
atmosphere is oxygen and argon, argon/oxygen=0 to 0.5, for example, not more 
than 0.1. Continuously, an aluminum film (containing silicon of 0.1% to 2%) is 
formed to a thickness of 6000 A to 8000 A, for example, 6000 A by sputtering. 
Besides, it is desired that the forming processes of the silicon oxide film 121 and 
the aluminum film are performed in series. 
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[0018] Then, gate electrodes 107 and 109 are formed by patterning the silicon film. 
Moreover, the surfaces of the aluminum electrodes are anodized so that oxide 
layers 108 and 110 are formed on the surfaces. This anodic oxidation is 
performed in ethylene glycol solution containing tartaric acid of 1% to 5%. The 
thickness of the obtained oxide layers 108 and 110 is 2000 A. Also, because these 
oxide layers 108 and 110 becomes the thickness for forming an offset gate region 
in the subsequent ion doping process, the length of the offset gate region can be 
decided by the above mentioned anodizing process. 

[0019] Next, by the ion doping method, an impurity (phosphorus or boron) is 
implanted into the silicon region using the gate electrode 107, its peripheral oxide 
layer 108, the gate electrode 109 and its peripheral oxide layer 110 as masks. 
Phosphine (PH3) or diborane (B2H6) are used as doping gas, and an acceleration 
voltage is 60 to 90kV, for example 80kV in the former case; and is 40 to 80kV, for 
example 65kV in the latter case. One dose of impurity is 1 x 10 15 to 8 x 10 15 cm 2 , 
for example, phosphorus is 2 x 10 15 cm 2 and boron is 5 x 10 15 cm~ 2 . In case of 
doping, a selective doping is performed on the place in which respective elements 
are needed by covering one side of the regions with photoresist. As a result, N 
type impurity regions 114 and 116, and P type impurity regions 111 and 113 are 
formed, so that the region for the P channel type TFT (PTFT) and that for the N 
channel type TFT (NTFT) can be formed. 

[0020] After that, annealing is performed by an irradiation of a laser beam. KrF 
excimer laser (wavelength is 248nm, pulse width is 20nsec) is used as a laser 
beam, but other kinds of lasers can be used. As the irradiation condition of a 
laser beam, the energy density is 200 to 400mJ/cm 2 , for example, 250mJ/cm 2 ; the 
number of irradiation is 2 to 10 shots, for example, 2 shots. It is useful that the 
substrate is heated up to at 200 to 450^ when this laser beam is irradiated. 
[0021] Continuously, a silicon oxide film 118 is formed to a thickness of 6000 A as 
an interlayer insulating film by the plasma CVD method. Contact holes are 
formed in this film so that electrodes and wirings of TFTs 117, 120 and 119 are 
formed with a multi-layered film of metallic materials, for example, titanium 
nitride and aluminum. At last, the annealing in a hydrogen atmosphere of 1 atm 
at 350*0 for 30 minutes is performed. A semiconductor circuit is completed by 
the above-mentioned processes. (Figure 1(D)). This circuit is the complementary 
constitution that the gate electrode is an input and the electrode 120 is an output. 
[0022] In the present embodiment, as a method of introducing nickel, the whole of 
the silicon film 104 is crystallized equally by forming a Ni thin film selectively (it 
is too thin to observe as a film.) overall on the base film 102 under the amorphous 
silicon film 104, and also, selective crystallization can be performed by 
introducing nickel to one portion. In this case, because a crystal growth around 
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the region in which nickel is introduced is caused toward the parallel direction to 
the film, for example, a TFT with high mobility can be formed by matching the 
direction of the crystal growth and the moving direction of a carrier. In the 
present embodiment, the concentration of nickel element contained in the 
crystalline silicon film is 10 17 to 10 18 cm" 3 examined by SIMS (secondary ion mass 
spectrometry) . 

[0023] The method of forming a film of an amorphous silicon in advance and 
implanting nickel ion selectively into the amorphous silicon film 104 by the ion 
doping can be adopted. In this case, it is characterized as the concentration of a 
nickel element can be controlled. 

[0024] (Embodiment 2) The present embodiment is an example providing an N 
channel type TFT to each pixel as a switching element in an active type liquid 
crystal display device. The following explanation relates to one pixel, but a lot of 
pixels (generally hundreds thousands) are formed with the same constitution. 
[0025] Figure 2 shows an outline of the manufacturing process of the present 
embodiment. In the present embodiment, a Corning 7059 glass substrate 
(l.lmm thick, 300mm x 400mm) is used as a translucent insulating substrate 301. 
First, a base film 302 (a silicon oxide film) is formed to a thickness of 1000 A by 
the sputtering on the glass substrate. Chlorine is doped into this silicon oxide 
film in order to increase the gettering effect of nickel. 

[0026] After that, an amorphous silicon film 303 (the thickness is 300 to 1500 A, in 
this case 1000A) is formed by the LPCVD method or the plasma CVD method, 
and a nickel silicide film (it is too thin to be shown.) is formed subsequently. This 
nickel silicide film is formed to a thickness of 5 to 200 A, for example, 20 A by the 
sputtering. This nickel silicide film is shown by the chemical formula of NiSi x , 

0. 4^x^2.5, for example, x=2.0. That is to say, in the constitution of the present 
embodiment, after the amorphous silicon film 303 is formed, nickel is introduced 
to the top side of the film as a nickel silicide film. 

[0027] Furthermore, a silicon oxide film 304 is formed to a thickness of 1000 A by 
the plasma CVD method using TEOS and oxygen in the same way as Embodiment 

1. Then, in the same way as Embodiment 1, a PSG film 305 is applied by the 
spin coat method to a thickness of 200 to 2000A, in this case 1000A, and is 
formed by baking process at 200^ for thirty minutes. 

[0028] After that, crystallization is performed by a thermal annealing after 
dehydrogenation at 400*0 for one hour. This annealing process is performed in a 
hydrogen reduction atmosphere (preferably, a partial pressure of hydrogen is 0.1 
to 1 atm) at 550*C for four hours. On this occasion, because the nickel silicide 
film is formed on the amorphous silicon film 303, crystallization is caused 
vertically to the substrate 201 from the nickel silicide film. Then, a crystalline 
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silicon film in which crystals are grown vertically to the substrate 201 can be 
obtained. (Figure 2 (B)) 

[0029] Next, an island-shaped semiconductor region (an active layer of TFT) is 
formed by patterning (separating elements each other) the semiconductor region 
(shown by 303) made of this crystalline silicon. Furthermore, a gate insulating 
film of silicon oxide ( the thickness is 700 to 1200 A, typically 1000 A) 300 is 
formed by the plasma CVD method in an oxygen atmosphere using 
tetra-ethoxy-silane (TEOS) as a material. The substrate temperature is not 
more than 400*0, preferably 200 to 350*0 in order to prevent the glass substrate 
from shrinking and curving. However, in the case of this substrate temperature, 
a lot of hydrocarbon radicals are contained and a lot of recombination centers 
exist in the oxide film, for example, an interface level density is not less than 
10 12 cm~ 2 , so that it cannot be used as a gate insulating film. 

[00301 Accordingly, the improvement of the characteristic of the gate oxide film 
300 is designed by promoting crystallinity of this crystalline silicon film with 
irradiation of KrF laser beam shown by an arrow in Figure 2 (c) simultaneously 
with by reducing recombination centers (trap center) of the gate oxide film 300. 
Besides, this laser irradiation is preferably performed under decompression which 
is not more than lOtorr, because the separation of carbon atom in the oxide film is 
easier in the decompression condition. The laser beam energy density is set from 
250 to 300m J/cm 2 , and also the laser beam is shot ten times in this case. The 
substrate temperature is kept preferably 200 to 400^, typically 300^. As a 
result, the silicon film 204 is improved in crystallinity, and also the interface trap 
density of the gate oxide film is reduced to not more than 10 n cm" 2 . 
[0031] Next, an anodic oxide layer 314 is formed to a thickness of 2000 A on the 
surface of an aluminum wiring such as a gate electrode by forming an aluminum 
gate electrode 306, soaking the substrate and all in electrolytic solution to be an 
anode, and conducting electricity. Figure 3 (c) shows a state which this process is 
finished. Besides, after finishing anodic oxidation process, a negative voltage, for 
example, that of -100 to -200V can be applied for 0.1 to 5 hours to the contrary. 
In this case, the preferable substrate temperature is 100 to 250°C, typically ISO'C. 
Movable ions in silicon oxide or at the interface of silicon oxide and silicon are 
drawn to the gate electrode (Al) by this process. 

[0032] After that, a source 307 and a drain 309 of TFT, and a channel forming 
region 308 are formed by implanting boron as an N type impurity to the silicon 
film in a self- alignment manner by the ion doping method. Furthermore, as 
shown in Figure 2 (c), the crystallinity of the silicon film of which crystallinity is 
deteriorated by this ion doping is improved by being irradiated with the KrF laser 
beam. In this case, the laser beam energy density is set from 250 to 300mJ/cm 2 . 
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The sheet resistance of the source and the drain of this TFT is 300 to 800 Q /cm 2 by 
this laser irradiation. 

[0033] After that, an interlayer insulator 310 is formed by polyimide, furthermore 
a pixel electrode 313 is formed by ITO. Then, contact holes are formed, 
electrodes 311 and 312 are formed with a multi-layered film of chrome and 
aluminum in the source and the drain regions of TFT, and one electrode 312 
between them is connected to the ITO 313 of a pixel electrode. The chrome and 
aluminum multi-layered film comprises the chrome film formed to a thickness of 
20 to 2000 A, in this case 1000 A for the lower layer, and the aluminum film 
formed to a thickness of 1000 to 20000 A, in this case 5000 A for the upper layer. 
It is desired that these films are formed continuously by the sputtering. Finally, 
hydrogenation of silicon is completed by annealing at 200 to 300^ for two hours 
in hydrogen. Thus, TFT is accomplished. And, one substrate in the display 
portion of an active matrix type liquid crystal display device is accomplished by 
arranging a lot of TFTs formed at the same time to the matrix shape. 
[0034] Adopting the constitutions of Embodiment 1 and Embodiment 2 the 
above-mentioned can perform gettering for a nickel element in the crystalline 
silicon, and prevent detrimental effect of a nickel element on operation of the 
device. 

[0035] Besides, in the present embodiments the above-mentioned, the PSG film 
(phosphosilicate glass) is used as a material for gettering, and also the BSG film 
(boronsilicate glass) and the BPSG film can be used. Furthermore, the gettering 
effect can be increased by doping a halogen element (for example, chlorine) into 
these films. Besides, though the spin coat method is used to make sure of 
evenness as a method of forming these films, the vapor phase growing method can 
be adopted. 
[0036] 

[Effect] By the constitution wherein the PSG film is formed on the substrate; the 
base film of silicon oxide is formed subsequently; furthermore the crystalline 
silicon crystallized at low temperature (it means crystallization at lower 
temperature than ever) by a metal element such as nickel is formed;, it is able to 
prevent the electric characteristics of the semiconductor device using this 
crystalline silicon from receiving the detrimental effect by the existence of nickel. 
[A brief explanation of Figures] 

[Figure l] A manufacturing processes of the Embodiment are shown. 
[Figure2] A manufacturing processes of the Embodiment are shown. 
[An explanation of marks] 

101 glass substrate 

102 base film (silicon oxide film) 
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